An understanding of volatilization of nitrogen (N) from leaves of crop and weed species may be important to the improvement of crop production. Foliar N loss (both reduced and oxidized forms), net CO 2 uptake, and transpiration rates were measured concomitantly at 30 °C on soyabean (Glycine max (L.) Merr.) and sorghum (Sorghum bicolor (L.) Moench) leaves at low (1 per cent), ambient (20 per cent), and high (40 per cent) levels of oxygen. In soyabeans, maximum reduced and total N losses were found at the highest O 2 concentration, and the lowest N losses were measured at the lowest O 2 level. Net CO 2 assimilation was significantly reduced with increasing O 2 during two of three samplings. Quantities of oxidized N lost were not altered. Sorghum showed no significant effects from O 2 on N loss or net CO 2 assimilation. The increased ammonia released from soyabean foliage in the presence of higher concentration of O 2 probably affects metabolic pathways that contribute to the total reduced N volatilization.
Foliar nitrogen loss from plants may be the result of the plant's release of available N not readily transported from leaves for use in other plant parts. A channelling of this N to the plant's reproductive system could result in yield increases perhaps without additional N fertilization. At this time limited research has been done on foliar N loss in relation to other metabolic and photosynthetic processes.
Ammonia is a catabolic product of several enzymatic pathways. The inhibitory effect of O 2 on the C3 photosynthetic carbon fixation cycle is a consequence of ribulose 1,5-bisphosphate carboxylase (E.C. 4.1 . 1 .39) exhibiting oxygenase activity. In this instance the enzyme catalyzes the oxidation of ribulose 1,5-bisphosphate by O 2 to form phosphoglycolate (Bowes, Ogren and Hageman, 1971) , the substrate for light-stimulated CO 2 evolution. Besides generating serine and CO 2 , this series of reactions also yields NH 3 . Keys et al. (1978) have proposed that glutamine synthetase (E. C. 6. 3.1 .2) catalyzes the reassimilation of this NH 3 into glutamine as a means for N conservation. It may also be possible that these C3 plants lose part of this inorganic N form through volatilization into the atmosphere, as has been shown recently from several plant species (e.g. Stutte and Weiland, 1978; Weiland and Stutte, 1979) . Additional enzymatic reactions may contribute to plant N volatilization (Weiland, 1980; Foster, 1982; Farquhar, Wetslaar and Weir, 1983) . Foster (1982) demonstrated that conditions (e.g. high temperature or enzyme inhibitors) which decrease glutamine synthetase or glutamate synthase (E.C. 1.4.1.13) activity increased plant volatilization of N. Her data suggested amidotransferase, transaminase, and glutaminase involvement in foliar N volatilization.
In this study, foliar N loss, net CO 2 uptake, and transpiration were measured from soyabean (Glycine max (L.) Merr.) and sorghum {Sorghum bicolor (L.) Moench) plants exhibiting C3 and C4 carbon fixation pathways, respectively, under low (1-2 per cent), ambient (20-21 per cent), and high (35-40 per cent) concentrations of O 2 .
Soyabean (cv. 'Davis') seed from a single plant (Stutte, Blem and Weiland, 1979) and sorghum (A line Tx 399 [Wheatland] X R Tx 430) seed were germinated under a controlled environment in vermiculite kept moist with tap water. A mixture of incandescent and fluorescent lighting gave 300 W m~2 at the plant apex. Day/night relative humidity was 70/50 per cent, and maximum/minimum air temperatures were 30 °C during the day and 20 °C during the night. These environmental conditions were maintained throughout the experiment.
At the unifoliate developmental stage (Stage VI; Fehr and Caviness, 1979 ) of soyabeans and the two-leaf period (Stage 1; Venderlip, 1972) of sorghum, uniform plants were transplanted to a nitrate hydroponic culture of aerated mineral nutrient solution (modified half-strength Hoagland solution) as described by Stutte, Blem and Weiland (1979) . Nitrogen, monitored during the experiments, was not found limiting. A volume of 3-5 1 was maintained for each plant by daily addition of deionized water.
Foliar N loss, net CO 2 uptake, and transpiration rates were determined concomitantly with the apparatus and technique employed by Weiland and Stutte (1980) . The centre leaflets of the fourth and fifth node leaves of five V5-stage soyabeans were sampled between 13.00 and 15.00 h. The fifth node leaves were resampled at the V7 growth stage between 10.30 and 12.00 h. In addition, the upper half of the third and fourth node leaves of five (stage 2) sorghum plants were sampled between 10.30 and 12.30 h. The ambient air temperature during the sampling periods were 30 °C. The ambient chamber CO 2 concentration ranged between 400 and 650/tl I" 1 . Although there is no unique procedure for measuring light-stimulated CO 2 evolution that cannot be criticized (Goldsworthy, 1970) , the alteration of the O 2 concentration surrounding the foliage, to inhibit those reactions (low O 2 ) or stimulate them (high O 2 ), adapted conveniently to the closed apparatus.
Besides sampling both crop species under ambient O 2 concentration (20-21 per cent), the systems were flushed wih 300 (A I" 1 of CO 2 in N 2 gas until 1-2 per cent O 2 was attained, and measurements were made on the encased leaves. The apparatus for measuring N showed negligible amounts of N in the system without the leaf encased. After being flushed, additional O 2 was added to each system until an O 2 concentration of 40 per cent was obtained. As in the other experiments, additional CO 2 was then added to each system as previously described (Weiland and Stutte, 1980) . Total leaf vapour entrapment (Dry Ice trap at approx. -50 °C) was for 12 min during each experiment; the amount collected was used to calculate a rate of transpiration. Pyrochemiluminescent analysis of the condensate revealed water-soluble, reduced and oxidized N forms (Weiland and Stutte, 1979 ). All parameter rates were based upon leaf area measured at the beginning of each experiment with a portable leaf area meter.
Reduced and total N losses from soyabeans increased with every increase in O 2 concentration (Table 1 ). The reduced forms of N increased from 7 to 14 per cent from the fifth node leaves of plants at the V7 stage when the O 2 concentration was increased from 1 to 20 and then 20 to 40 per cent. Similar increases were determined for total N loss. Weiland (1980) previously found reduced and total N losses were 20 and 23 per cent less, respectively, from V5 soybean plants under low O 2 (< 1 per cent) external to the soyabean leaflets as compared to ambient O 2 concentrations. Thus, the ammonia released during the decarboxylation of serine in the glycolate pathway may account for 10 to 40 per cent of the N volatilizing from soyabean foliage at 30 °C indicating other sources of ammonia.
No differences in quantitities of oxidized N being volatilized from soyabeans were detected at the different O 2 concentrations in the present study. There were also no alterations in amount of N being evolved from the sorghum foliage. At all times the N evolution from sorghum was higher than that from soyabeans. Crop to crop and cultivar to cultivar variation in N levels is not uncommon in the literature (Meyer, 1973; Stutte and Weiland, 1978; Weiland and Stutte, 1979; Weiland, 1980) . Net CO 2 uptake was significantly decreased with increasing O 2 concentration only in V5 (fourth node leaves) and in V7 soyabeans. These decreases were consistent with other photorespiratory rates reported (e.g. Bhagsari et al., 1977; Weiland, 1980) . Transpiration was significantly decreased in V5 soyabeans (fifth node leaves) but increased in sorghum (fourth node leaves) when the O 2 concentration was approx. doubled over ambient air concentration.
Since net CO 2 assimilation of soyabeans decreased as the reduced foliar N evolution increased (7-40 per cent) with increasing O 2 concentration, this volatilization probably involves individual physiological functions that interact with several other physiological processes (Weiland, 1980; Weiland and Stutte, 1980) . The process is influenced by environmental conditions and species (Stutte and Weiland, 1978; Weiland, 1980) . Cultivars within species may also show differences in N loss. In screening several soyabean cultivars with varying yield potential for rates of foliar N loss, Walker (1980) determined that low-yielding cultivars lost greater quantities of N during reproductive stages. Further studies are needed to determine the conditions involved in foliar N loss and its subsequent effect on crop production.
